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FLOW SENSOR HAVING A SENSOR
HOUSING WITH MAIN CHANNEL AND A
MEASURING CHANNEL WITH CHOKE
POINTS

CROSS-REFERENCE TO RELAT
APPLICATION

gs
w

The present application claims priority under 35 USC§119
to European Patent Application No. 10 014 736.2 filed Nov.
18, 2010, the entire disclosure of which 1s incorporated herein
by reference.

TECHNICAL FIELD OF THE INVENTION

The invention concerns a tlow sensor for measuring the
flow of a gaseous or liquid medium with a sensor housing 1n
which, between an 1nlet channel and an outlet channel, a flow
channel extends that comprises a main channel and a measur-
ing channel that 1s arranged parallel to the main channel, with
at least one main channel choke point being arranged in the
main channel and with the measuring channel comprising a
sensor element for measuring the flow.

Such tlow sensors are known 1n a variety of embodiments
and are usually called flow meters. The sensor element

arranged 1n the flow channel between the inlet channel and the
outlet channel permits the determination of the mass flow of
the medium through the flow sensor by measuring a physical
value.

DESCRIPTION OF THE RELATED ART

From U.S. Pat. No. 6,826,966 Bl, a flow sensor as
described above 1s known that has a choke point 1n the main
channel. The choke point 1n the main channel 1increases the
flow velocity 1n the main channel and, depending on 1ts cross-
section, also has the effect of changing the pressure in the
main channel.

Another device for measuring the flow of a fluid 1s known
from CH 969 006 A3. It comprises a main channel and a side
channel, both of which form the flow channel. The side chan-
nel that forms a bypass for the main channel has a smaller
cross-section compared to the main channel. As measuring
channel, the sensor clement for measuring the flow 1is
arranged 1n the side channel. When the cross-section of the
measuring channel and of the main channel are known, the
mass flow 1n the main channel can be determined from the
mass flow measured 1n the measuring channel. This results in
the total flow through the tflow channel of the flow sensor. By
means ol a shutter acting as choke point, the side channel 1s
divided 1nto two consecutive sections. In the first section that
1s located 1n front of the choke point in the flow direction of
the medium, laminar flows prevail, and 1n the second section
located after the choke point turbulent flow effects are
present. For the purpose of exact measurements, the sensor
clement 1s associated with the first section.

The choke point 1s an area in the flow sensor 1n which the
flow cross-section of the flow channel 1s constricted so that
the flow of the medium at this point 1s reduced. Compared
with other areas of the flow channel, the choke point offers a
higher resistance to the medium. It 1s considered to be a
disadvantage of the prior art referred to above that the flow
resistance of the main channel and of the side channel (mea-
suring channel) depend on the quantity of flow and that the
ratio of division of the quantities of tlow 1s dependent on
pressure and temperature. In the prior art referred to above,
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this 1s due to the fact that the flow channel has only one choke
point that 1s arranged either in the main channel or in the

measuring channel.

Additional special embodiments of flow sensors are known
in the prior art, for example, from the publications U.S. Pat.
No. 4,800,754, EP 0552916, EP 0829793, EP 1091 195,EP
1256 786, U.S. Pat. No. 7,107,834, U.S. Pat. No. 3,851,526,
U.S. Pat. No. 4,450,718 and EP 0 558 834. The flow meters
disclosed there each have a main channel and a side channel
that comprise one or several flow branches. In order to pro-
duce a laminar flow in the tlow branches, choke points are
provided, in part, 1n the main channel and/or the side channel
(measuring channel).

SUMMARY OF THE INVENTION

The invention addresses the problem of proposing a flow
sensor of this type where the ratio of division of the quantities
of flow 1s as independent of pressure and temperature as
possible. In addition, i1t should permit strong turbulences in
the main channel without exceeding the measuring range of
the sensor element.

According to the imnvention, this problem is solved by a flow
sensor with the characteristics described herein. Additional
advantageous embodiments are given 1n the related claims.

In the flow sensor according to the invention, the main
channel choke point comprises at least one passage between
the mlet channel and/or outlet channel and the main channel.
In case of a single passage provided at the choke point, the
passage 1s 1deally configured so that the flow resistance of the
main channel corresponds largely to that of the measuring
channel. By varying the cross-section of the passage, 1t 1s
possible to vary the ratio of division of the quantity of flow of
the main channel relative to that of the measuring channel, 11
necessary. Preferably, for changing the ratio of division, 1t 1s
not the flow cross-section of the passage that 1s enlarged but
an additional passage 1s added to the choke point 1nstead 1n
order to reduce the flow resistance 1n the main channel. In this
way, 1t 1s possible to achieve high flow rates through the main
channel without greatly intluencing the tflow rate through the
measuring channel. In the case of high pressure and high flow
rates of the medium passing through the flow sensor, this
prevents strong turbulent effects in the main channel that
might possibly have an interfering effect on the measuring
channel and may have the effect of more or less distorting the
measuring results of the sensor element, or possibly even
cause the measuring range of the tlow sensor to be exceeded.

In a preferred embodiment of the invention, with several
passages provided at the main channel choke point, these
passages are of 1dentical shape and extend parallel to each
other 1n the flow direction of the medium. By adding several
such passages at the choke point of the main channel, the ratio
of division of the tlow rate between the main channel and the
measuring channel can be selected as desired. Because all
passages are dimensioned the same, they form 1dentical tlu-
1idic resistances for the flowing medium, and, as a conse-
quence, also exhibit the same pressure, temperature, and flow
behavior so that the ratio of division regarding the main
channel and the measuring channel 1s not influenced by these
parameters. A main channel where more than one passage 1s
provided at the choke point will always have a lower fluidic
resistance than the measuring channel.

In an advantageous embodiment of the tlow sensor accord-
ing to the mvention, the main channel 1s divided into at least
two main channel branches arranged parallel to the measur-
ing channel, with the number of main channel branches deter-
mining the mass flow through the main channel. Preterably, at
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least one main channel branch comprises at least one main
channel choke point. Without influencing the mass flow
through the measuring channel, by varying the number of
main channel branches it 1s possible to adapt the mass flow
through the main channel 1n a simple way to different media,
to different tlow rates, or to different feed pressures of the
medium.

In an advantageous embodiment of the invention, the main
channel, or the main channel branches, comprise a main
channel choke point at the inlet and/or the outlet side. This
reliably prevents turbulent flows in the main channel that
would have a negative efiect on the laminar tlow 1n the mea-
suring channel. This reliably reduces the turbulences in the
main channel by producing a largely laminar tlow of the
medium. With choke points arranged at the inlet and at the
outlet sides of both the main channel and the measuring
channel, mutual influences on the flows are effectively
excluded.

In one embodiment, the measuring channel advanta-
geously comprises a measuring channel choke point at the
inlet and at the outlet side. The measuring channel choke
point has the same effect on the measuring channel as the at
least one main channel choke point has on the main channel.
It ensures an interference-iree laminar flow into the main
channel. It was found that measuring channel choke points on
the inlet and the outlet side offered special advantages, espe-
cially when the main channel comprises only a single choke
point.

In an advantageous modification of the flow sensor accord-
ing to the imvention, the measuring channel choke point has a
flow-through passage that 1s shaped in conformity with the
passage of the main channel choke point. Ideally, 1t extends
parallel to the at least one passage of the at least one main
channel choke point. On the one hand, this ensures that due to
the 1dentical dimensions, all fluidic resistances 1n the measur-
ing channel and the main channel have the same pressure,
temperature, and flow behavior so that the ratio of division of
the mass tlow through the main channel and the measuring
channel are not atfected by changes of these parameters. On
the other hand, this permits a cost-efficient production of all
choke points.

In the 1nterest of a more flexible scalability of the flow area
of the flow sensor according to the invention through the
addition or reduction of passages to the at least one main
channel choke point, the main channel choke point preferably
comprises several passages that can either be closed perma-
nently when the flow sensor 1s still 1n the unassembled state,
or can be manually or automatically opened and/or closed
alter the flow sensor has been assembled. For this purpose, the
sensor housing comprises an operating device for the closing
and/or opening of at least one passage of the main channel
choke point. By means of this operating device, the closing
clements for the passages can be set manually, or can be acted
upon by means of an electro-mechanical actuator. Due to this
possibility for intfluencing the number of the active passages
of the main channel choke point, 1t 1s possible to simply adapt
the flow sensor according to the imvention, individually and
after 1ts installation, to different flow rates of a medium. In
addition, during the production of the flow sensor, this
reduces the number of variants regarding tlow quantities of
different sizes.

Regarding the production and function of the flow sensor
according to the invention, two embodiments of the invention
are considered advantageous where the main channel and the
measuring channel are arranged 1n the sensor housing facing,
cach other either on one plane or on different planes. This 1s
especially practical when the flow sensor 1s of modular design
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and the main channel and the side channel are formed in a
monolithic central part of the sensor housing. Here, the inlet
channel and/or the outlet channel of the sensor housing may
be arranged on the plane of the main channel and/or the
measuring channel, or on some other plane of the sensor
housing. An embodiment is preferred where the main channel
and/or the measuring channel are not arranged on the plane
determined by the inlet channel and the outlet channel. In
conjunction with simple geometries of the tlow channel and
of the inlet channel and the outlet channel of the sensor
housing, this makes it possible to employ simple and estab-
lished production processes for a cost-etficient production of
the flow sensor.

In a favored embodiment of the flow sensor according to
the invention, the sensor housing consists of several parts. It
comprises a first sensor housing part and at least one second
sensor housing part in between which the main channel and/
or the measuring channel are formed. Here, the main channel
or the measuring channel 1s formed by a recess 1n the first
and/or the second or additional sensor housing parts. Prefer-
ably, one sensor housing part comprises the main channel
choke point and/or the measuring channel choke point that
extends transversely to the main channel and to the measuring
channel when the sensor housing parts are assembled. The
sensor housing part with the at least one main channel choke
point and/or the at least one measuring channel choke point
may be provided as an additional sensor housing part joining
the sensor housing parts forming the main channel and/or the
measuring channel. It appears to be especially practical to
arrange the inlet channel and/or the outlet channel of the flow
channel on the sensor housing parts with the main channel
choke point and/or the measuring channel choke point.

Due to this modular design of the sensor housing, it 1s
possible, by combining certain prefabricated sensor housing
parts, to quickly and easily produce different types of tlow

sensors. The sensor housing parts are assembled and sealed
relative to each other with the usual methods familiar to a
person skilled in the art. Lines connected with the provided
sensor element lead out of the housing conventionally 1n a
fluid-proot arrangement.

Preferably, the recesses for the main channel and the mea-
suring channel, the inlet channel and the outlet channel of the
flow channel, and the main channel choke point and the
measuring channel choke point, are jointly arranged 1n a first
sensor housing part, with at least a second sensor housing part
being provided as a tlat counter-holder with or without recess.
For example, a non-bending circuit board that carries the
sensor element directly may serve as the tlat counter-holder.
In this case, the connecting lines may be formed by tracks on
the circuit board. The circuit board that is at least the size of
the first sensor housing part, can be bolted to the first sensor
housing part, using sealing methods familiar to a person
skilled 1n the art for producing a seal relative to the housing,
part. The first sensor housing part forms a central sensor
housing part of the modular sensor housing. In this first sensor
housing part, the choke points connect the at least one recess
of the main channel and the recess of the measuring channel
with the ilet channel and/or the outlet channel of the sensor
housing. Starting with the recesses of this sensor housing
part, 1t 1s simple to change the number of the passages and/or
the flow-through passages of the choke points between the
inlet channel and/or the outlet channel and the main channel
as well as the measuring channel by addition or closure. Also,
the cross-section of the passages and/or tlow-through pas-
sages can be changed without problems at a later point, 11
necessary. This makes 1t possible to adjust step-by-step the
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rat1o of division of the mass tflow between the main channel
and the measuring channel in order to change the measuring
range of the flow sensor.

Below, the invention 1s explained in detail with reference to
two embodiments shown 1n the drawing. Additional charac-
teristics ol the mmvention are given in the following description
of the embodiment of the invention 1n conjunction with the
claims and the attached drawing. The individual characteris-
tics of the invention may be realized either individually by
themselves or in combinations of several in different embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a perspective view of a first embodiment of a
central sensor housing part of the flow sensor according to the
invention;

FIG. 2 shows two perspective views (FIGS. 2a, 2b) of a
second embodiment of a central sensor housing part of the
flow sensor according to the invention;

FI1G. 3 shows a top view and a side view (FIGS. 3a, 35) of
the first central sensor housing part from FIG. 1;

FI1G. 4 shows two sectional views of the first central sensor
housing part according to FIG. 3 along the section lines A-A
(FIG. 4a) and B-B (FIG. 4b);

FIG. 5 shows top views from above and from below and a
side view of the second central sensor housing part from FIG.
2 (FIGS. 3a, 5b, 5¢); and

FIG. 6 shows two sectional views of the second central
sensor housing part according to FIG. 5 along the section
lines A-A (FIG. 6a) and B-B (FIG. 65); and

FIG. 7 shows sectional views of a third central sensor
housing part with additional line channels for connecting a
valve.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1, 2a, 256 show two embodiments of a central sensor
housing part 1, 1' of a sensor housing of a flow sensor accord-
ing to the mvention for measuring the flow of a gaseous or
liquid medium. Each of the sensor housing parts 1, 1' com-
prises a main channel 2 and a measuring channel 3 arranged
parallel to the main channel 2. In the sensor housing part 1
represented in FIG. 1, the main channel 2 and the measuring
channel 3 are arranged on a common plane of the sensor
housing part 1. In the second sensor housing part 1' repre-
sented 1n the FIGS. 24, 25, the main channel 2 and the mea-
suring channel 3 are arranged on different planes of the sensor
housing part 1'.

In the sensor housing part 1 shown in FIG. 1, the main
channel 2 1s divided into two main channel branches 4, 4'. In
the sensor housing part 1' represented 1n the FIGS. 24, 2b, the
main channel 2 has no branches. In the sensor housing part 1,
the main channel branches 4, 4' are arranged symmetrically in
relation to the measuring channel 3 on both sides of the
measuring channel 3. The two main channel branches 4, 4' are
formed by recesses 5, §' and the measuring channel 3 1s
formed by the recess 6 on the first flat side 7 of the sensor
housing part 1. In contrast, the sensor housing part 1' repre-
sented 1 FIG. 2 comprises only one recess 6 serving as
measuring channel 3 on the first flat side 7 (FIG. 2a). The
main channel 2 1s arranged as the recess 9 on a second flat side
8 of the sensor housing part 1' that 1s located opposite the first
tflat side 7 (F1G. 2b).

In order to form measuring channels 3 and main channel
branches 4, 4' that are closed in the circumfterential direction,
or to form a main channel 2 that 1s closed in similar fashion,
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additional sensor housing parts (not shown) that are each
associated with the flat sides 7, 8 are provided 1n the embodi-
ments of the tlow sensor according to the mvention that are
represented 1n the FIGS. 1, 2. These sensor housing parts
cover the complete surface of the flat sides 7, 8 of the sensor
housing part 1 or 1'. Preferably, they have the form of smooth,
flat, plate-shaped sensor housing parts that form a counter-
holder, comprising holes that are arranged and shaped to
match the four holes 10 of the sensor housing parts 1, 1'. In
this way, it 1s easy to bolt together with a tluid-proof seal the
sensor housing parts 1, 1' and the sensor housing parts not
shown 1n the drawing in between which the main channel 2 or
the measuring channel 3 are formed.

In addition, approximately at 1ts center, the recess 6 for the
measuring channel 3 comprises a widening 12 where a sensor
clement (not shown 1n the drawing) for measuring the flow 1s
arranged. An access 13 to the sensor element 1s provided
through which connecting lines connected with the sensor
clement can be passed to the outside via a fluid-proof seal.
The connecting lines can be passed to the outside via a tluid-
prool seal as a cable or as a flat printed-circuit fo1l. Preferably,
all sensor housing parts of the sensor housing are made of
aluminum and have a simple geometry. They are simple to
produce and process by means of simple and well-established
production methods.

FIGS. 3a and 54, 55 show a top view of the flat sides 7 and

8, respectively, of the sensor housing parts 1, 1' with the
measuring channel 3 and the main channel 2 or the main
channel branches 4, 4'. As can be seen from the associated
FIGS. 35 and 5¢ that show a side view of the central sensor
housing part 1 and, respectively, the central sensor housing
part 1', an inlet channel 15 and an outlet channel 16 are
arranged each on a different side of the access 13 on the
central plane 14 next to the access 13 and at a distance there-
from. A tlow channel formed by the main channel 2 and the
measuring channel 3 arranged parallel to the main channel 2
extends between the inlet channel 15 and the outlet channel
16. The four main channel choke points 17 with seven pas-
sages 19 each and the two measuring channel choke points 18
with one passage 20 each that extend between the central

plane 14 with the inlet channel 15 and, respectively, the outlet
channel 16 and the flat sides 7 and 8 on the inlet and outlet side
of the measuring channel 3 and the main channel branches 4,
4' of the main channel 2 can be seen clearly.

The cross-sectional views of the sensor housing parts 1, 1'
in the FIGS. 4a, 45 and 6a, 656 show the course of the inlet
channel 15 and the outlet channel 16. They extend trans-
versely to the main channel 2 or the main channel branches 4,
4' and the measuring channel 3. They pass completely under
the channels 2, 3 in the transverse direction. Between the inlet
channel 15 as well as the outlet channel 16 and the recesses 5,
9 for the main channel 2, one main channel choke point 17
cach 1s arranged on the 1nlet and the outlet side of the main
channel 2. In addition, between the inlet channel 15 and the
outlet channel 16 and the recess 6 for the measuring channel,
a measuring channel choke point 18 1s provided on the inlet
and the outlet side of the measuring channel 3. The main
channel choke points 17 each comprise seven passages 19 of
identical length and diameter. According to the FIGS. 4q, 45,
6a, 6b, the passages 19 are arranged parallel to each other 1n
the flow direction of the medium and extend orthogonally to
the inlet channel 15, the outlet channel 16, and the recesses 5,
6, 9 for the main channel 2 and the measuring channel 3,
respectively. In contrast, the measuring channel choke points
19 each have only one passage 20 that extends parallel to the
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passages 19. The passages 20 are shaped to match the pas-
sages 19 of the main channel choke point 17 1n terms of length
and diameter.

FIG. 7 shows a variant of the central sensor housing part 1'
represented 1n FIG. 6 as sensor housing part 1". The sensor
housing part 1" differs from the sensor housing part 1' in that
it comprises two additional line channels 22, 23 that extend
orthogonally away from a lateral side 24 of the sensor housing
part 1" and parallel to each other, as well as a feed channel 25
that extends from the same longitudinal side 21' of the sensor
housing part 1" as the outlet channel 16. The feed channel 25
opens 1nto the first line channel 22 that 1s arranged down-
stream and has an outlet 26 on the lateral side 24 of the sensor
housing part 1". The second line channel 23 that has an inlet
2’7 on the corresponding lateral side 24, opens into the inlet
channel 135 that 1s closed on the longitudinal side 21 of the
sensor housing part 1". On the lateral side 24, a valve (not
shown 1n the drawing) can be connected with the outlet 26 and
the inlet 27 of the line channels 22, 23. The second line
channel 23, that extends downstream of the first line channel
22, 1s directly connected with the inlet-side passage 20 of the
measuring channel (not visible 1n this Figure) and, via the
inlet channel 15, with the inlet-side passages 19 of the main
channel (not visible 1n this Figure).

Although the invention has been shown and described with
respect to certain preferred embodiments, 1t 1s obvious that
equivalents and modifications will occur to others skilled 1n
the art upon the reading and understanding of the specifica-
tion. The present invention includes all such equivalents and
modifications, and 1s limited only by the scope of the follow-
ing claims.

The mvention claimed 1s:

1. A flow sensor for measuring the tlow of a gaseous or
liquid medium with a sensor housing in which, between an
inlet channel and an outlet channel, a flow channel extends
that comprises a main channel having and inlet side and an
outlet side and a measuring channel having an inlet side and
an outlet side that 1s arranged parallel to the main channel,
with one main channel choke point being arranged in the main
channel on the inlet side and the outlet side, and with the
measuring channel comprising a sensor element for measur-
ing the tlow, wherein the main channel choke point comprises
at least one passage between the inlet channel and/or the
outlet channel and the main channel, and with at least one
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measuring channel choke point being arranged 1n the mea-
suring channel on at least one of the inlet side or the outlet
side, wherein the sensor housing comprises at least a first
sensor housing part and at least one second sensor housing
part and at least one other additional sensor housing part,
between which at least one of the main channel or the mea-
suring channel 1s formed as a recess 1n at least one of the first
or the second or the at least one additional sensor housing
part, and wherein the first or the second or the one other
additional sensor housing part comprises at least one of the
main channel choke point or the measuring channel choke
point that extends transversely to the main channel and the
measuring channel when the sensor housing parts are
assembled.

2. The flow sensor according to claim 1, wherein several
passages are provided at the main channel choke point that are
of identical shape and extend parallel to each other in the flow
direction.

3. The tlow sensor according to claim 1, wherein the main
channel 1s divided into at least two main channel branches
arranged parallel to the measuring channel with at least one
main channel branch comprising a main channel choke point.

4. The flow sensor according to claim 1, wherein the mea-
suring channel choke point comprises a passage that 1s shaped
to correspond to the passage of the main channel choke point.

5. The flow sensor according to claim 1, wherein the inlet
channel and/or the outlet channel are arranged on a different
plane than the main channel and/or the measuring channel,
regardless of whether the main channel and the measuring
channel are arranged on one plane of the sensor housing or
whether the main channel and the measuring channel are
arranged on different planes of the sensor housing.

6. The flow sensor according to claim 1, wherein the nlet
channel and/or the outlet channel of the flow channel are
arranged on the sensor housing part with the main channel
choke point and/or the measuring channel choke point.

7. The flow sensor according to claim 1, wherein recesses
for the main channel and the measuring channel, the inlet
channel and the outlet channel of the flow channel, and the
main channel choke point as well as the measuring channel
choke point are all arranged in the first sensor housing part,
and that the at least second sensor housing part 1s shaped as a
flat counter-holder.
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